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The Patknt Office 

stage process for the pfmluofei -(j?*^^ i^^o- 
quality diesel fuel through tlie hydrorcfining of 
highly aromatic, unsaturated hydrocarbon dis- 
tillates b^)iling in excess of tlic gasoline boil- 
ing range and possessing the propensity to 
cause excessive cTcposition of coke and other 
carbonaceous material on the catalytic com- 
posite generally employed in such a process. 
The present invention employs particular con- 
ditions of operation which' inhibit the forma- 
tion of coke and carbonaceous material, there- 
by permitting the catalytic composite to be 
cmployicd for an extended period of time. 

Hydrocarbon fractions frequently contain 
impurities which must be removed' before 
ihcy arc considered suitable for their intended 
use, or which, when removed, enhance the 
value of the distillate for further processing. 
These impurities includ; sulfurous com- 
pounds, nitrogenous compounds, oxygenated 
compounds, and various metallic contamin- 
ants which cause the hydrocarbon distillates 
to exhibit corrosive tendencies and be foul- 
smelling, thereby making them less desirable 
far further use. In the case of a hydrocar- 
bon charge stock intended for use as a dicsel 
fuel, aromatic hydrocarbons arc the " con- 
taminants" which tend to lower the value of 
the diesel index. 

Of the aforementioned impurities, combined 
sulfur is probably the most prevalent, exist- 
ing in tlic hydrocarbon distillate, for cxamplCj 



The same treatment is effective for th: des- 
tructive removal of Jiitrogcn-bcaring mo.iculcs 
by converting them to the hydrocarbon coun- 
terparts and ammonia, the latter either being 
removed within a vapor phase, or ad. orbed 
from thz liquid product effluent. When exist- 
ing in combined form, oxygen is less of a 
removal problem than either sulfur or nitro- 
gen. Under the operating condition; em- 
ployed in the hydrorcfining process, oxy- 
genated compounds are readily conver:ed to 
the hydrocarbon counterpart and water, the 
latter being easily lemovcd from the lydro- 
carbon product by any well-known mems. 

In addition to the aforementioned co:uami- 
nants, the various hydrocarbon distilla es, to 
v/hich tlie present invention is applicabh , con- 
tain an appreciable quantity of unsatiratcd 
liydrocarbons, both mono-olf^nic and diolc- 
finic, the latter including styrene, iscprcne, 
dicyclop&ntadiene, and higher-boiling defins. 
These unsaturated hydrocarbons are gc::erally 
present in combination with aromatic lydro- 
carbons, and impart the coke-forming charac- 
teristics of the hydrocarbon distillate. When 
the distillate is subjected to hydrodcsulfuriz- 
ation for the purpose of removing sulfir, nit- 
rogen and oxygen, difficulty is frequently en- 
countered in effecting the desired degree of 
reaction due to the formation of coke and 
other carbonaceous material. The depjsition 
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Process for the Hydrorefining of Aromatic Hydrocarbon 
Distillates 



We, Universal Oil Products Company, 
a corporation organised under the Laws of 
the State of Delaware, United States of 
America, of No. 30 Algonquin Road, Des 

5 Plaines, Illinois, United States of America, 
do hereby declare the invention, for which 
we pray tliat a patent may be granted to 
us, and the method by which it is to be per- 
formed, to be particularly described in and' 

10 by the following statement: — 

The present invention relates to a multiple- 
stage process for the pjroduction of high 
quality diesel fuel through the hydrorefining of 
highly aromatic, unsaturated hydrocarbon dis- 

15 dilates boiling in excess of the gasoline boil- 
ing range and possessing the propensity to 
cause excessive deposition of coke and other 
carbonaceous material on the catalytic com- 
posite generally employed in such a process. 

20 The present invention employs particular con- 
dition's of operation which inhibit the forma- 
tion of coke and carbonaceous material, there- 
by permitting the catalytic composite to be 
employed' for an extended period of time. 

25 Hydrocarbon fractions frequently contain 
impurities which must be removed before 
they are considered suitable for their intended 
use, or which, when removed, enhance the 
value of the distillate for further processing. 

30 These impurities include sulfurous com- 
pounds, nitrogenous compounds, oxygenated 
compounds, and various metallic contamin- 
ants which cause the hydrocarbon distillates 
to exhibit corrosive tendencies and be foul- 

35 smelling, thereby making them less desirable 
for further use. In the case of a hydrocar- 
bon charge stock intended for use as a diesel 
fuel, aromatic hydrocarbons are the "con- 
taminants " which tend to lower the value of 

40 the diesel index. 

Of the aforementioned impurities, combined 
sulfur is probably the most prevalent, exist- 
ing in the hydrocarbon distillate, for example. 



as a msrcaptan, thiophene or sulfide. Such 
sulfur is generally removed by the process 
of hydrodesulfurization, wherein tlis sulfur- 
bearing molecules are treated at an elevated 
temperature, generally in excess of 260" C. 
and often as high as 427° C The reaction is 
effected in the presence of hydsrogen and a 
suitable catalytic composite, whereby the 
su]fur-<bearing molecules; are converted to 
the corresponding hydrocarbon counterparts 
and hydrogen sulfide, the latter being removed 
from the process as a gaseous waste mateiial. 
The same treamient is effective for the des- 
tructive removal of nitrogen-bearing molecules 
by converring them to the hydrocarbon coun- 
tsrparts and ammonia, the latter either being 
removed within a vapor phase, or adsorbed 
from the liquid product effluent. When exist- 
ing in combined form, oxygen is less of a 
removal problem than either sulfur or nitro- 
gen. Under the operating conditions em- 
ployed in the hydrorefining process, oxy- 
genated compounds are readily converted to 
the hydrocarbon counterpart and water, the 
latter being easily removed from the hydro- 
carbon product by any well-known means. 

In addition to the aforementioned contami- 
nants, the various hydrocarbon distillates, to 
which the present invention is applicable, con- 
tain an appreciable quantity of unsaturated 
hydrocarbons, both mono-olefinic and diolc- 
fijiic, the latter including styrene, isoprene, 
dicycloptntadiene, and higher-boiling olefins. 
These unsaturated hydrocarbons are generally 
present in combination with aromatic hydro- 
carbons, and impart the coke-forming charac- 
teristics of the hydrocarbon distillate. When 
the distillate is subjected to hydrodesulfuriz- 
ation for the purpose of removing sulfur, nit- 
rogen and oxygen, difficulty is frequently en- 
countered in effecting the desired degree of 
reaction due to the formation of coke and 
other carbonacepU9 material. The deposition 
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of coke appears to result from the elevated 
temperatures, often in excess of ZSO** C, 
employed in the hydrodcsulfurization process. 
The coke, which results from the thermal rc- 

5 action of the unstable or coke-forming com- 
pounds within the distillate, generally appears 
as a deposit of solid, highly carbonaceous 
material on the catalytic composite, thereby 
shielding the catalytically active surfaces from 

10 the material being processed. These difficul- 
ties increase as the boiling range of the charge 
material increases, and are quite prevalent 
when the charge comprises hydrocarbons boil- 
ing in excess of the gasoh'ne boiling range. 

15 Current processes for the hydrorefining of 
hydrocarbon mixtures are designed and oper- 
ated for the purpose of removing the sulf urous 
and nitrogenous compounds, saturating tb; 
mono-olefinic and diolafinic hydrocarbons, 

20 while at the same time not substantially effect- 
ing the hydrogenation of the aromatic com- 
pounds. Such processes are adequate where 
the desired object is to produce aromatic-con- 
taining gasoline fractions, lubricants, and fuel 

25 oils. However, in many localities, the produc- 
tion of gasoline boiling range hydrocarbons 
containing large quantities of aromatic hydro- 
carbons is less important than the prociuction 
of large quantities of high quality diesel fuel. 

30 The object of ih^ present invention is to 
provide a simple, effective method for hydro- 
refining hydrocarbon distillate fractions, and 
especially those boih'ng in excess of the gaso- 
line boiling range, to produce high quality 

35 diesel fuel while avoiding the deposition of 
extremely large quantities of coke and other 
carbonaceous material on the hydrorefining 
catalytic composite. 
The quality of diesel fuel is determined by 

40 th; rate at which the fuel burns; that is, the 
higher quality diessl fuals are those which 
have the faster rate of burning, with respect 
to diesel engines, a fast burnmg fuel is re- 
quired bscausc the fuel is injected into the 

45 engine cylinders in the liquid pha5ej rather 
than in ine. vapor phase as is customary with 
internal combustion engines employing gasc- 
line boiling range hydrocarbons as fuel. Aro- 
matic hydrocarbons have a much slower rate 

50 of btirning than paraffinc hydrocarbons (in- 
cluding cycloparaffins), and the greater the 
concentration of aromatic hydrocarbons wiih- 
in the fuel, the less desirable the fuel for 
utilization in diesel engines. The quality of 
55 diesel fuels is frequently expressed in terms 
of the diesel index which may be calculatad 
from the gravity of the fuel as expressed by 
the API (American Petroleum Institute) scale 
and the aniline point, the latter being deter- 
eO mined by the ASTM Method DiM2 and ex- 
pressed in degrees Fahrenheit (ASTM Stan- 
dards on Petroleum Products and Lubricants, 
published 1961 by American Society for Test- 
ing and Materials) using the fomula 



API Gravity X Aniline Point 

Diesel Index= 65 

100 

In comparing two hydrocarbon mixtures, in 
regard to utility as a diesel fuel, the lower 
the diesel index, the pcoret the burning 
quality of the mixture. A low diesel index 
indicates a subitantial concentration of aco- 70 
matic hydrocarbons. In general, an accept- 
able diesel fuel possesses a diesel index in 
excess of 50.0, and preferably greater than 
55.0. Hydrocarbon mixtures boiling in excess 
of ths gasoline boiling range, such as coker 75 
distillates and heavy straight-run unsaturated 
middle-distillates indicate a diesel iudtx of 
approximately 3C. Such hydrocarbon distil- 
lates arc not suitable for direct use as diesel 
fuels, and must necessarily be processed so as 80 
to increase the diesel index. 

The present invention relates to a process 
for the production of a high quality diesel 
fuel from an aromatic hydrocarbon distillate 
boiling in excess of the gasoline boiling range B5 
in which the distillate is reacted with hydro- 
gen in a first reaction zone containing a 
hydrorefining catalyst, at least a portion of 
the effluent from the first reaaion zone is 
introduced into a second rssctlon zone con- 90 
taining a hydrorefining catalyst and reacted 
therein with hydrogen. According to the pre- 
sent invention the quantity of catalyst dis- 
posed within th.e second ccaaion zone is at 
least "65-.0?i by volume of the total quantity 95 
of canlyst disposed within the first and second 
reaction zones and the portion of the efflu- 
ent from the first reaction zone introduced in- 
to the second reaction zone is first cooled 
to a temperature such that the heat of reac- 100 
tion within the second reaction zone results 
in the effluent from the second reaction zone 
having a temperature of less than 427'' C. 

More particularly, in the process of the 
present invention, an aromatic hydrocarbon 105 
distillate boiling in excess of the gasoline 
boiling range is reacted wuh hydrogen at a 
temperature within the range of from 204° 
C. to 427" C. in a first reaction zone con- 
taining a hydro-refining catalyst, at least a 110 
portion of the resulting first reaction zone 
effluent is introduced into a second reaction 
zone containing a hydrorefining catalyst at an 
inlet temperature such tliat the heat of reac- 
tion within the second zone results in the 115 
second rsacuon zone effluent having a tem- 
perature less tlian 427'' C, the first reaction 
zone containing hydrorefining catalyst in an 
amount of from S.O^o to 35.0% by volume 
of the total quantity of catalyst disposed 120 
within the first and second reaction zones. 

As stated above, when it is desired to pro- 
duce a high-spsed diesel fuel from an aro- 
matic-containing, tmsaturated hydrocarbon 
distillate by hydrorefining, the saturation of 125 
aromatics must be accomplished in addition 
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to the saturation of the mono-olefinic and di- 
olefinic hydrocarbons as well as the reactions 
involTcd with the removal of sulfur and nitro- 
gen. Of thes; reactions, the saturation of the 

5 oltefinic hydrocarbons and the removal of 
the contaminating influences proceed at the 
faster rate, permitting therefor a higher liquid 
hourly space velocity. On the other hand, 
in order to effect the slower reaction involv- 

10 ing saturation of aromatic hydrocarbonsj a 
lower space velocity, or a greater quantity 
of catalyst for a liks volume of liquid charge 
is necessary. Furihtrmore, the temperature 
of the charge material must be elevated to a 

15 level in excess of 204"* C. in order to initiate 
the various desired reactions. Since the reac- 
tions are highly exothermic, there exists a 
significant heat of reaction which normally 
results in an exceedingly high temperature in- 

20 creasi. In order to inhibit the excessive de- 
position of ccke and carbonaceous material, 
there exists a maximum desirable operating 
temperature of 427^ C. In single-stage hydro- 
refining of distillates boiling in excess of the 

25 gasoline boiling range the desired extent of 
reaction is not economically feasible due to 
the necessity of maintaining the temperature at 
a level less than the maximum. Multiple-stage 
processes have b:en proposed wherein the 

30 ofiluent from the first stage is passed into 
the second stage, the latter generally operating 
at greater severity (elevated temperature and 
pressure). These multiple-stage processes tend 
to decrease somewhat the formation of coke 

35 and carbonaceous material. Generally, these 
processes distribute the total quantity of cata- 
lyst utilized into as many equal proportions as 
reaction zones. Thus, in a two-stage process, 
the catalyst will be divided with 50% of the 

40 total quantity disposed within each zone. 

However, thes; multiple-stage processes are 
primarily designed for the production of gaso- 
line boiling range components or middle-dis- 
tillate boiling range components, without re- 

45 quiring the saturation of aromatic hydrocar- 
bons. Therefore, these processes do not suffice 
for the purpose of achieving the object of the 
present invention which is to produce a final 
product consisting essentially of naphthenes 

50 and paraffins, specifically having the object of 
saturating the aromatic hydrocarbons present 
in the fraction charged to the process. 

When producing large volumetric yields 
of high quality diesel fuel (a fuel having a 

55 diesel index in excess of 50.0), it is preferred 
that the quantity of catalyst disposed within 
the first reaction zone lie within the range 
of from 5.0% to 15.C% by weight of the 
total quantity of catalyst. 

60 By this method, the removal of contaminat- 
ing sulfurous and nitrogenous compounds and 
the saturation of diolefinic and mono-olefinic 
hydrocarbons can be effected in the first reac- 
tion zone under the most advantageous condi- 

65 tions without excessive heat of reaction due 



to the accompanying saturation of aromatic 
hydrocarbons. The saturation of the aromatic 
hydrocarbons is effected largely in the second 
reaction zone under the most advantageous 
conditions. The process of the present inven- 70 
tion is thus effected in a sequence of contact- 
ing zones, each of which exists under con- 
ditions which afe advantageously consistent 
with the chemical characteristics of the 
material passing therethrough. 75 

The process of the present invention may 
be understood more clearly through reference 
to the accompanying drawing. In the interest 
cf simplicity and clarity, var-ious heaters, con- 
densers, valves, controls, instruments, etc., 80 
have been eliminated from the drav/ing. Only 
those vessels and connecting lines necessary 
for the complete understanding of the process 
are indicated. The hydrocarbon charge stock 
used for illustration is a substantially unsatusr- 85 
ated c;^ker distillate, indicating a bromine 
number of 40.6 and a diesel index of 31.6, 
having a gravity, °API at 15.6" C, of 28.1 
(specific gravity=0..8S7)., In addition, the 
coker distillate Is contaminated with 4.6% 90 
sulfur and 573 ppm. of nitrogen, and con- 
tains 49.0% arcmatics. The charge stock 
enters the process through line 1 and is raised 
to the desired reaction 2one inlet operating 
temperature within the range of 2C4* C. to 95 
393° C. in heater 2. The heated charge is 
combined with an internally recycled, hydro- 
gen-rich gaseous stream in line 21 and con- 
tinues through line 3 into reactor 4. The 
product effluent from reactor 4, at a higher 100 
temptratUTe than the inlet temperature due 
to the exothermic heat of reaction resulting 
from thie saturation cf mono-olefinic and di- 
olefinic hydrocarbons and the removal of sul- 
furous and nitrogenous compounds, passes 105 
through line 5 into cooler 6. Cooler 6 is em- 
ployed for the purpose of decreasing the 
temperature of the effluent from reactor 4 
prior to passing this effluent through line 7 
into the second-stage reaaor 8, The means 110 
emp'oyed for lowering the temperature of the 
efiiusnt from reactor 4, whether a cooler is 
illustrated, or various heat-exchangers or 
waste-heat boilers, is operated such that the 
temperature of the material entering reactor 115 
8 is at a level whereby the heat cf reaction 
within reactor 8 does not cause the tempera- 
ture of the reactor 8 product effluent to ex- 
ceed a level of 427° C. The reactor 8 efflu- 
ent passes through line 9, cooler 10 and line 120 
11 into separator 12. Separator 12 operates 
at essentially ambient temperature of about 
54** C, and serves to separate the total pro- 
duct effluent from reactor 8 into gaseous 
and liquid phases. The gaseous phase con- 125 
taining hydrogen, ammonia, hydrogen sulfide, 
and light paraffinic hydrocarbons such as 
methane, ethane, and propane is withdrawn 
from separator 12 via line 17 by compressor 
20 and is passed through line 21 into line 3 130 
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^vhe^em it is admixed with the normally 
liquid chaigs to reactor 4. Make-up hydrogeiij 
necessary to compensate for that consumed in 
the saturation of ths mono-olefinic, diolefinic, 

5 and aromatic hydcocarbons, as well as in the 
removal of sulfurous and nitrogenous com- 
poundSj enters the process via Ime 22 on the 
suction side of compressor 20. At least a 
portion of the gaseous phase from separator 

10 12 is removed via line 18 containing presjurs 
control valve 19. This serves the purpose of 
preventing a build-up within die system of 
ammonia and hydrogen sulfids resulting from 
the conversion of the contaminating suTfurous 

15 and nitrogenous compounds. The liquid pro- 
duct effluent is passed from separator 12 via 
line 13 into stripp3r 14. Stripper 14 serves 
to remove additional ammoniaj hydrogen sul- 
fide and light paraffinic hydrocarbons from 

20 the system via line 15. Substantially com- 
pletely saturated hydrocarbon products are 
withdrawn from the process via l:ne 16. 

Various modification of the illustrated flow 
may be made within the scope of the present 

25 process. For example separator 12 may be 
combined with additional separating and/or 
absorbing means. Water injection into line 9 
may be provided for the purpose of absorbing 
the ammonia thecein, the water and absorbed 

30 ammonia being removed via suitable liquid- 
Ie\-el control means from separator 12. Simi- 
larly, the gaseous phase in line 17 may be 
treated so as to effect the substantially com- 
plete removal of hydrogen sulfida and/or h'ght 

35 paraffinic hydrocarbons. 

Th2 fresh hydrocarbon chacge is fed to 
resctor 4 in an amount which will result 
in a liquid hourly space velocity (defined as 
volumes of hydrocarbon charge per volume of 

40 catalyst disposed in the reaction zone) within 
the range of from 0.5 to 20.0. The space 
velocity through reactor 4 will be different 
from that through reactor 8 due to the varying 
quantities of catalyst disposed within the 

45 two reaction zones. The recycled, hydrogen- 
rich gas stream, indicated in the drav/ing as 
being admixed with the heated hydrocarbon 
distillate in line 3, will be supplied m an 
amount within the range of from S9 to 1038 

50 liters per liter of hydrocarbon charge to 
reactor 4. Make-up hydrogen may be intro- 
duced into tlie process from any suitable ex- 
terior source to compensate for the hydrogen 
consumed within both stages of the process 

55 in the destructive removal of sulfurous and 
nitrogenous compounds, for the saturation of 
tie diolefinic, monoole&aic and aromatic hyd- 
rocarbons, and to establish a suitable purity 
for recycle purposes. 

60 The operating prassures in the reaction 
zones preferably will not differ greatly. These 
pressures will lie within the range of from 
34 to 2C4 atmosphere, the pressure on the 
first stage being slightly higher than that on 

65 the second stage due to the pressure drop 



normally experienced in passing the effluent 
from the former into the latter. Intermediate 
pressures within the range of 68 to 136 atmo- 
spheres are preferred. Both reaction zones will 
operate at an inlet temperature within the 70 
range of from 204^ C to 399** C. The inlet 
tempsrature is limited by the heat of reaction 
produced within the reaction zones. That is, 
the inlet temperature is so controlled that the 
hiat of reaction produced will not cause 75 
lie cutlet temperature to exceed 427° C. 
Therefore, an essential feature of the present 
invention is that the effluent from the first re- 
action zone be subjected to cooling prior to 
entering the second reaction zone, 80 

The multiple-stage hydrorefinin^ process 
of the present invention is a catalyucally con- 
ducted process, and the catalyst employed may 
be of'ffie same chemical and physical com- 
position in both of the reaction zones. Suit- 85 
able hydrorefining catalytic composites com- 
prise metallic components selected from 
Groups VI-A and VIII of the Periodic Table. 
Thus, the catalyst will comprise at least one 
metallic component selected from the group 90 
consisting of chromium, molybdenum, tung- 
sten, iron, cobalt, nickel, ruthenium, rhodium, 
palladium, osmium, iridium, platinum, and 
mixtures of two or more of these metals. The 
preferred catalytic composite for utilization 95 
in the multiple-stags process of the present 
invention comprises molybdenum and at least 
one mstallic componsnt selected from the 
ircn-group of the Periodic Table including 
iron, col^lt and nickel. The molybdenum 100 
component will generally be in the greater 
ccncentration, from 4.0% to 30.0% by 
v/eight, while the iron-group metallic coni- 
ponent will be present ia an amount within 
the range of from l.O^b to 6.0% by weight, 105 
such concentrations being calculated on the 
basis of the elements. Suitable catalytic com- 
posites include die following: 5.7% by weight 
molybdenum, 2.2% by w^eight nickel and 
0.25 ^;.by weight cobalt; 4.2% by weight UO 
nickel, 11.3% by weight molybdenum and 
CX5% by weight cobalt; 17.0% by weight 
molybdenum and 1.5% by weight of nickel; 
6,0 by weight nickel. The use of any 
particular catalytic composite is dependent, 115 
at least in part, upon the physical and/or 
chemical characteristics of the material to 
be processed. Generally, the catalyiically ac- 
tive metallic components are composited with 
a suitable refractory inorganic oxide material 120 
including alumina, silica, zhvonia, thoria, 
boria, titania, hafnia and' mixtures of two 
or more of these oxides. Other components 
such as members of the halogen family, par- 
ticularly fluorine and/or chlorme may be 125 
combined with the metallic components and 
the carrier material. In some instances, metal- 
lic components from Groups I and II of the 
Periodic Table may be combined with the 
composite to unpart certain desired physical 130 
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and/ or chemical characteristics. A particu- 
larly preferred carrier material comprises alu- 
mina and from 10% to 40% by weight of 
silica, based upon the total weight of the 

5 carrier material. Thi particular means em- 
ployed for the manufacture of either the car- 
rier material or the final catalytic composite 
is not considered to be essential to the present 
invention. Various suitable methods for such 

10 manufacture are known, and any such method 
may be used. 

The process of the present invention is 
capable of successful efficient operation for 
an extended period of time. However, in 

15 virtually all catalytic processes there exists 
an inherent, naturally-occurring degree of de- 
activation of the catalytic composite em- 
ployed. In the present two-stage hydrorefining 
process, the catalyst will gradually undergo 

20 deactivation as a result of the natural deteri- 
oration of the catalyst, the deposition of coke 
and other carbonaceous material during the 
prolonged period of operation, and the for- 
mation of various polymerization products, 

25 all o-f which have the tendency to shield the 
active centers and surfaces of the catalyst 
from the material being processed. The cata- 
lyst may b: readily reactivated by a rather 
simple expediency which does not generally 

30 require an extended shutdown period. In 
those instances where the catalytic deacti- 
vation appears to have resulted from the de- 
position of coke and carbonaceous material, 
such material may be effectively removed by 

35 burning in an atmosphere of air. In many 
instances, a substantial quantity of the poly- 
merization and copolymer ization products 
may be removed by treating the catalyst with 
3 circulating hydrogen-iich stream of eie- 

40 vated temperatures of from 260° C. to 593'' 
*-» 

The following example is given to illus- 
trate further the process of the present in- 
vention. 

45 Example 

A catalyst consisting of an alumina-silica 
carrier material, composited with 0.05% by 
weight cobalt, 4.2% by weight niokel, 11.3% 
by weight molybdenum, calculated as the 

50 elements thereof, is disposed in two reaction 
2ones arranged in scries with 13.6% by 
volume of the total quantity of catalyst dis- 
posed in the first reaction zone. This catalyst 
is prepared by initially forming 1/16-inch 

55 spherical particles from a hydrosol compris- 
ing aluminum chloride, an acid solution of 
water glass and the necessary quantity of 
cobalt nitrate hexahydrate by the well-known 
oil-drop method as set forth in greater detail 

60 in U.S. Patent No. 2,620314. After a high 
temperature calcination, the finished carrier 
material contains 8S.0%. by weight alumina 
and 12.0% by weight silica. The desired 
quantity of nickel and molybdenum are com- 



bined with the carrier material through the 65 
utilization of impregnating techniques cm- 
ploying aqueous solutions of nickel nitrate 
hsxahydrate and molybdic acid <85.0% bv 
v/eight molybdic oxide). The impregnated 
ccmposite is dried at a temperature of 93° 70 
C. and thereafter calcined at a tsmperature of 
53S* C. Tbe calcined composite is prefer- 
ably subsequently treated with a mixture of 
hydrogen and hydrogen sulfide to cause the 
metallic components to exist within the com- 75 
posite as the sulfides thereof. 



Table I: 
CHAncE Stock properties 

Gravity, °API at 15.6'* C - - 28.1 

Specific (15.6'' C./15.6^ C.) - O.S87 80 
ASTM ICO iVtL Distillation, ^ C. 

Initial Boiling Point - - - 214 

5%, 222 

10% . - _ _ - 229 

30% _ - . - _ 252 85 

50% 276 

7C%> - .... 303 

90% „ - ... 335 

95% ----- 347 

End Point - - - - 369 90 

Aniline Point - - - . U2.3 
Diesel Index - - - - SI .6 
Sulfur, Wt %. . - - . 4.66 

Nitrogen, PPM. - - - - 573 



The above distillate, which was a blend of 95 
ccker distillate and a heavy straight run naph- 
tha, after admixture widi hydrogen in an 
amount of 534 liters/liter of cbirgc, was 
passed, at a lat-e of 1312 cubic meters per 
day, into the first reaction zone at a tern- 100 
peramre of about SIS'" C, and a pressure 
of 102 atmospheres. The total efiluent from 
the first reaction zone, discharging therefrom 
at a temperature of about 399* C. was passed 
into s steam generator for the purpose of 105 
decreasing the temperature to a level of 
329° C, prior to introducing the product 
cSluent into the second reaction zone. 

The temperature of the effluent from the 
second reaction zone was about 416° C Said 110 
eSuent was passed into a high pressure separ- 
ator from which a hydrogen-rich gas stream 
v^'as separated and recycled to -combins with 
hydrocarbon distillate being charged to the 
first reaction zone. Make-up hydrogen, in an 115 
amount of about 1.5% by weight of the 
original . hyd:ccai<bon distillate charged, is 
admixed with the hydrogen-rich recycle gas 
introduced into the first reaaion zone. The 
liquid hydrocarbon phase from the high 120 
pressure separating zone, containing hydrogen 
sulfide, ammonia and light paraffinic hydro- 
carbons including methane, ethane, and pro- 
pane, was passed into a suitable stripping or 
fractionating zone from which approximately 125 
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5 ICO cubic metres per hour of dry gases are 
rtraoved and 1^76 cubic mcttkes per day of 
liquid product. 
Thz normally liquid product effluent re- 
5 moved from the stripping means had the pro- 
perties indicated in the Mowing Table XL: 



Table II: 

PHODUCT PROPERTIES 

Gravity, °API at 15.6'' C - - 39.4 

10 Specific (15.6' C/15.6° C.) - 0.828 
ASTM ICO ML Distillation, * C. 

Initial Boiling Point - - - 163 

5% . . - . - 190 

10% ----- 203 

15 30% ----- 232 

50% ----- 254 

70% ----- 282 

90% 318 

95% 332 

20 End Boiling Point - ' - - - 354 

Aniline Point - - - - 153.14 

Diesel Index - 60.4 

Sulfur, Wt. % - - - - 0.05 



It should be noted that 99.0% of the sulfur 

25 has been removed while the diesel index 
has been increased from 31.6 to a level of 
60.4. Calculations have indicated that the 
yield, of hexanes and heavier hydrocarbons, 
having the boiling range indicated in Table II, 

30 -was within the range of 95.0% to 100% by 
volume, while the yield of dry ^as was at the 
comparatively low level of 5.0% by weight 
of tile total hydrocarbon distillate charged 
to thz unit. It is significant that the quantity 

35 of dry gas includes 31.2 liters/liter of hydro- 
gen sulfide resulting from the conversion of 
sulfurous compounds within the original hyd- 
rocarbon disdilate. 
One possessing skill within the art of 

40 petroleum processing will immediately recog- 
nize the utility of 9ie material characterized 
by the properties given in Table n resulting 
from the present two-stage hydror^fining pro- 
cess as a highly suitable cUesel fuel. This 

45 is indicated by the boiling range, and more 
particularly by the relatively high value of 
the diesel index and ths comparatively low 
concentration of sulfur. Furthermore, the 
process consumes only about 1.5% by weight 

50 of hydrogen, based upon total liquid charge. 



WHAT WE CLAIM IS:— 

1. Process for tlie produaion of a high 
quality diessl fuel from an aromatic hydro- 
carbon distillate boiling in excess of the gaso- 
line boiUng range in which the distiUatc is 55 
reacted with hydrogen in a first reaction 
zone containing a hydrorcfining catalyst, at 
least a portion of the effluent from the first 
reaction zone is introduced into a second re- 
action zone containing a hydro-refining cata- 60 
lyst and reacted therein with hydrogen, char- 
acterissed in that the quantity of catalyst dis- 
posed within the second reaction zone is at 
least 65.0%, by volume of the total quantity 

of catalyst disposed within the first and sec- 65 
ond reaction zones and the portion of the efflu- 
ent from the first reaction zone to be intro- 
duced into the second reaction zone is first 
cooled to a temperamre such that the heat 
of reaction within the second reaction zone 70 
results in the effluent from the second reaction 
zone having a temperature of less than 427° 
C 

2, Process according to claim 1 charac- 
terized in that th- first reaction zone ccn- 75 
tains hydrorcfining catalyst in an amount of 
from 5.C% to 35.0% by volume of the total 
quantity of catalyst disposed within the first 
and second reaction zones. 

3- Proce5s according to claim 1 charac- 80 
terized in that the distillate is reacted with 
hydrogen in the first reaction zone at a 
temperature within the range of from 204* C. 
to 427' C. 

4. Process according to claim 1 charac- 85 
terized in that the hydrorcfining catalyst in 

tlie first and second reaction zones is a cata- 
lytic composite having at least one metallic 
component selected from the metals of Groups 
VI-A and VIII of the Periodic Table. 90 

5. Process according to claim 4 charac- 
terized in that the catalytic composite com- 
prises molybdenum and at least one metallic 
component selected from the iron-group of 

the Periodic Table. 95 

6. The process for the production of a 
high quality diesel fuel substantially as des- 
cribed. 

7. The process for the production of a high 
quality diesel fuel substantially as described 100 
with reference to the drawing. 

J. Y. & G. JOHNSON, 
47, Lincoln's Inn Pidds, London, 
Chartered Patent Agents. 



Leamington Spa: Printed for Her Majesty's Stationery Office by the Courier Press. — 1963. 

Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which copies may be obtaineo 



940.290 COMPLETE SPECIFICATION 

I SHEET jijIj drawing is a r^produztion of 
tht Original on a reduced scak. 




